CO in a supersonic pulsed beam is excited to the d3Ai state by VUV photons generated in a nonlinear four-wave mixing scheme. An excitation spectrum of the CO d3Ai (v' 20, J' 1-3) is obtained at a resolution of 0.8 cm -1 for the first time. The radiative lifetimes of the rotational states are measured as 1.70 + 0.08/zs, which are similar to but shorter than the lifetimes associated with lower vibrational levels.
BACKGROUND
Carbon monoxide has been extensively studied in the infrared region [1] [2] [3] [4] of the spectrum yielding a wealth of information on its ground state. Absorption and fluorescence spectra at ultraviolet wavelengths have identified several excited electronic states. In recent years the CO molecule has been the object of several investigations involving the methods of laser spectroscopy. Since the excited electronic states of CO lie at least 50,000 cm -1 above the thermally populated levels of the ground state, the one-photon absorption transitions are located almost entirely in the vacuum ultraviolet (VUV) spectral region. The first investigations using lasers employed the method of multiphoton excitation. 23'24 Single photon excitation spectroscopy also became feasible with the advent of nonlinear optics for the production of narrowband and tunable vacuum ultraviolet radiation by four-wave frequency mixing. The high intensities (10 1 photons/s), high resolution (up to 0.1 cm-1) and short pulse durations also make this an ideal source for performing fluoresence lifetime studies.
EXPERIMENTAL ARRANGEMENTS
The two technologies of four-wave sum frequency mixing and supersonic molecular beams were combined to perform high resolution spectroscopy in the vacuum ultraviolet (near 1250 A). The general design of the experiment is shown in Figure 1 .
VUV radiation is generated in a manner similar to Tomkins and Mahon Figure 2 shows the results. This narrow bandwidth scan, with a resolution of 0.8 cm-1, clearly shows an intense peak at an excitation energy near 80,028 cm -1 and other features indicative of rotational structure.
We made rotational assignments for the observed spectrum with the aid of the rotational constants contained in Tilford and Simmon's reference data 27 (Table 1) .
That only four distinguishable peaks are observed is evidence that rotationally cold molecules are created in the supersonic expansion beam. In general the allowed rotational transitions are AJ -1, 0, 1, which correspond to the P, Q and R Figure 2 , illustrate that only the rotational levels up to J 2 are appreciably populated in the ground state. The rotational temperature can be determined by comparing the relative intensities of the different J levels and assuming a Boltzmann distribution with line strengths determined by H6nl-London coefficients. 28 The predicted intensities are indicated by the line heights for the labeled transitions. As is expected the Q and R branches are much stronger than the P branch.
Fitting the spectrum in Figure 2 to such a distribution, the rotational temperature is found to be Trot 9.1 + 1.9 K. The measured rotational temperatures are approximately 2 K greater than the translational temperatures 29 predicted for the supersonic molecular beam expansion. At such low temperatures we should only see peaks in our spectra up to the J" 2 line. Klopotek and Vidal 3 obtained room temperature spectra on lower vibrational states using a similar excitation process. Their spectra show the rotational transitions peak near J" 7. Klopotek's spectra also show transitions to the g2 2 levels for increasing J, although they are much less intense than the g2 1 transitions. We searched for similar transitions approximately 40 cm -1 below those shown in Figure 2 , but saw no evidence of the if2 2 state. This again shows that our molecular beam was at a very low rotational temperature.
CO d3Ai(V 20, J' 1, 2, 3) Radiative Lifetimes Radiative lifetimes are also measured for several rotational states for the v' 20 level of CO d3Ai Figure 3 shows the results for this measurement. The log-linear plot is over a range of three Napierian decades. The PMT delay times range from 0.2/xs to 4.0/xs and a straight line fit indicative of a single exponential decay is seen. Table 2 lists the lifetimes measured. As these data show the lifetime is independent of J and is:
Our lifetime for the v' 20 
